AbSTRACT: An experiment was conducted to determine 1) the length of time necessary for grower pigs to adjust to a new diet and 2) the consistency in excretion of urine and feces in 4 consecutive 5-d collection periods. The total tract excretion and digestibility values for Ca, P, and the essential microminerals were evaluated. The experiment was conducted in 6 replicates as a randomized complete block design. Pigs were fed a pretest diet from 20 to 40 kg BW that met the requirements. At 40 kg, 12 barrows were allotted to stainless-steel metabolism crates, where they continued being fed the pretest diet for a 7-d period for adjustment purposes. Treatment diets were then fed for the following 20-d period in four 5-d intervals. Treatment diets were a corn-soybean meal mixture and contained either 1) reduced Ca and P levels and no added microminerals (LOW) or 2) a diet with elevated Ca and P levels and supplemental microminerals that exceeded the pig's requirements (HIGH). The study collected urine and feces. Markers were added to the ration at the start of each period to distinguish between test intervals. Feces and urine were collected daily, frozen, and composited for each period. Analysis of diets and excrement was conducted using inductively coupled plasma mass spectrometry technology. In all cases, the excreted minerals and digestibility values were greater (P < 0.01) for the macrominerals when the HIGH diet was fed, whereas the digestibility values for the microminerals were often lower when the HIGH diet was fed. The macrominerals Ca and P both had consistent urine and fecal values for each of the final 3 collection periods within diet. The micromineral values were generally consistent for each 5-d collection period but varied between periods for several microminerals. These results indicate that a 5-d adjustment period was adequate for pigs to adjust to the treatment diets. A 5-d collection period was adequate for Ca and P, but the micromineral excretion and digestibility values were more variable, and a collection period of 10 d might be warranted. The results also indicated that the innate microminerals had a higher digestibility and bioavailability than thought previously and their digestibility is greater than that of inorganic microminerals. Thus, these results indicate that the innate microminerals should be an important factor in establishing the micromineral requirements for growing pigs.
in many variables, such as feeding regimen, management, and environmental conditions. After pigs are placed in metabolism crates, there are wide variations in practices in collection lengths (Fernández, 1995; Adeola, 2001; Jolliff and Mahan, 2013) . The length of the collection period of urine and feces has ranged from 3 to 14 d (Fernández, 1995; Apgar and Kornegay, 1996; Adeola, 2001; Jolliff and Mahan, 2013) .
Dietary levels of macro-and microminerals in the intestinal tract may chelate and interact with other minerals and dietary components that can affect nutrient digestibility and utilization. Longer collection time may be necessary for determining the digestibility of the microminerals. Absorption antagonisms may also restrict the utilization of minerals, as well as the synthesis of regulatory proteins (Ritchie et al., 1963; Hedges and Kornegay, 1973; Jolliff and Mahan, 2013) . Because adaptation of pigs to metabolism crates can be influenced by several factors, the objective of this study was to evaluate the length of time necessary for pigs to adapt to a treatment diet to their crate and to attain consistency in fecal and urinary mineral excretion. Diets low and in excess of supplemental minerals of the pig's mineral needs over 4 collection periods were evaluated.
MATERIALS AND METHODS
The experimental use of animals and procedures followed were approved by The Ohio State University Animal Care and Use Committee (IACUC Protocol 2010AG0004).
Animals, Experimental Design, and Treatments
Pigs were the progeny of Yorkshire × Landrace sows (Temple Genetics, Gentryville, IN) and bred to PIC (line 280) boars (Birchwood Genetics Inc., West Manchester, OH). At weaning, pigs were fed conventional nursery diets that met or exceeded NRC (1998) nutrient requirements. From approximately 20 to 40 kg BW, a total of 20 barrows were ad libitum fed a corn-soybean meal pretest diet, whereupon 12 barrows were allotted by weight and litter and placed into individual stainless-steel metabolism crates. The metabolism crates (1.3 m long) had adjustable widths with spacing monitored and changed as needed for each pig. Pigs were housed in an environmentally controlled room, and lighting was provided from 0700 to 1800 h. The experiment was in a randomized complete block (RCb) design conducted in 6 replications. Pigs were blocked by weight within each replicate.
The pretest corn-soybean meal diet was formulated to meet NRC (1998) requirements for grower pigs providing 1.15% Lys t , 0.65% Ca, and 0.55% Pt with microminerals provided at or above NRC (1998) requirements (Table 1 ). Treatment diets contained 1) reduced Ca and P levels and no supplemental microminerals (LOW) or 2) elevated Ca and Pt levels with essential microminerals added in excess of NRC (1998) requirements (HIGH). The HIGH treatment diet contained the microminerals as inorganics in the sulfate form, except for Mn as Mn oxide and Se as Na selenite. The Se was not added in the LOW diet but was added at 0.40 mg/kg in the HIGH diet.
Experimental Conditions
Pigs in the metabolism crates were pair fed the pretest diet for a 7-d period within replicate at approximately 90% full feed. Pigs were adjusted to their crate under similar management and environmental conditions. Treatment diets were initiated at d 8 and fed for four 5-d periods (total 20 d). Feed intake between each experimental period was maintained at a constant amount within replicate with orts subtracted daily. At 5-d intervals, dietary markers (i.e., Carmen red and indigo blue) were alternatively added at approximately 3 HIGH = HIGH macro-and micromineral treatment diet. Analyzed concentration of the entire diet: 0.0.86% Ca, 0.68% P, 14.97 mg/kg Cu, 318.9 mg/kg Fe, 27.65 mg/kg Mn, 0.38 mg/kg Se, 246.73 mg/kg Zn.
4 Provided as Na selenite at 0.15 mg Se/kg in the pretest diet and 0.4 mg/ kg in the HIGH diet.
5 TM premix provided per kilogram in the pretest diet: 6.0 mg Cu (copper sulfate), 80 mg Fe (ferrous sulfate), 4 mg Mn (manganese oxide), and 80 mg Zn (zinc sulfate).
6 Vitamin premix provided per kilogram of all diets: 1,500 IU vitamin A (acetate), 300 IU vitamin D 3 , 15 IU vitamin E (dl-α-tocopheryl acetate), 0.50 mg vitamin K (menadione), and 10 mg riboflavin, 13 mg d-pantothenic acid, 10 mg niacin, 0.4 mg folacin, 1 mg d-biotin, and 15 μg vitamin B12. 7 Tylan was provided at 20 mg/kg diet.
10 g (an amount that would give the ration a distinct color) to give that diet and the subsequent fecal residue a distinguishable color. Daily feeding times were 0700 and 1630 h. Pigs were provided water to satiety twice day. At 5-d intervals the alternative marker was added to the diet to identify and separate the feces resulting from the feed offered for each consecutive period (d 0 to 5, d 5 to 10, d 10 to 15, and d 15 to 20). Total feces from each animal was collected daily and frozen (−4°C). The fecal material for each pig was composited within each period and frozen until further processing. Urine was collected and measured at the same time daily. A 10% aliquot of urine was collected and kept frozen (−4°C) and subsequently pooled for each pig within each period. A 10-mL 6 M HCl solution was added to each urine container to serve as a preservative.
The total fecal material from each pig and period was thawed and mixed in a Hobart Mixer (model A-120, Hobart Mfg. Co., Troy, OH), and a representative sample was placed in a plastic petri dish, frozen (−4°C), and saved for later processing and analysis. Fecal samples were freeze-dried, ground using a mortar and pestle, and saved for mineral analysis. Urine was thawed and cleansed by filtering through glass wool, with approximately for later mineral analysis.
Feed samples were collected from each treatment diet at each period. The treatment samples were composited using a riffle divider (Arthur H. Thomas, Philadelphia, PA). Diets were ground through a mill with a 1.0-mm stainless-steel screen (Cyclotec 1039, Foss, Eden Prairie, MN). Samples were analyzed in duplicate and averaged.
Minerals of each excretion sample and diet were determined by inductively coupled plasma mass spectrometry technology using appropriate mineral standards (Plasma Pure, Teledyne Leeman Labs, Hudson, NH). Because some of the Se samples were lost, the data are not reported.
Statistical Analysis
Data were analyzed as a RCB, using the MIXED model procedure of SAS 9.3 (SAS Inst. Inc., Cary, NC). The individual pig (crate) was considered the experimental unit at each period. Two statistical analyses were conducted. The first analysis contrasted the 2 treatment diets by single degree of freedom analysis. The second analysis contrasted the collection periods within each diet using LSD. Values were considered significantly different at P < 0.05.
RESuLTS

Animal Weights and Dietary Mineral Analysis
Animal weights were similar at the beginning and end of the 20-d trial ( Table 2 ). The range of mineral supplementation did not affect growth or excretion values. The analyzed macro-and micromineral concentrations of the pretest and the 2 treatment diets (LOW, HIGH) are presented in the footnotes of Table 1 .
The analytical values of the macrominerals were close to calculated concentrations, but analyses of microminerals were more variable. Because of the difficulty in having several microminerals and the potential for errors in the analytical process (mixing, subsampling, grinding, and analytical procedures), the calculated values of the microminerals were considered more reflective of the total dietary minerals provided.
The bioavailability of innate microminerals is unknown; the calculated total values in the LOW diet for Cu, Fe, and Mn exceeded the NRC (1998, 2012) requirement for the growing pig, but Zn did not meet these requirements.
Diet Effect on Mineral Digestion Values
Calcium and P. Feed intakes for both diets were similar for the experimental period (Table 3) . Because dietary Ca and P concentrations were greater in the HIGH diet, they also had greater (P < 0.01) urine and fecal excretion values when compared to the LOW diet. The apparent digestibility was greater for Ca (P = 0.04) and P (P < 0.01) when the HIGH diet was fed.
Microminerals. The only source of microminerals in the LOW diet was the innate microminerals, whereas the HIGH diet contained both innate and supplemental inorganic minerals. The dietary concentrations of Cu, Fe, Mn, and Zn were greater (P < 0.01) when the HIGH diet was fed (Table 3) . Urinary and fecal excretions were also greater (P < 0.01) for Cu, Fe, Mn, and Zn when the HIGH diet was fed. Urinary excretions of Cu, Fe, Mn, and Zn were each lower than fecal excretion values for both diets. This indicates that fecal excretion was the primary excretory route of excretion of these microminerals rather than through the kidney.
Collection Period within Diet
Feed Intake. Feed intake was regulated within replicate for individual pigs, and consequently, the values adjusted for wasted feed or orts resulted in similar intakes between collection periods (Table 4) .
Macrominerals. Calcium intake was greater for the HIGH diet and similar between collection periods for both diets and within diets (Table 4) . Fecal Ca had some variability between collection periods but was consistently greater when pigs were fed the HIGH diet. The content of Ca in the urine was greatest during the initial d 0 to 5 period for both diets but similar within diet at each subsequent collection period. Apparent digestibility of Ca was greater (P = 0.02) for the HIGH diet during the d 0 to 5 collection period compared to the LOW diet. Within diet, the apparent digestibility of Ca was greater (P < 0.02) when the HIGH diet was fed, but the differences were nonsignificant between diets for the other collection periods.
Phosphorus fecal excretion was greater for the HIGH diet for the d 0 to 5 period but was not significant between the 2 diets. Within collection periods for the LOW diet, fecal P was lowest for the d 15 to 20 period (P < 0.05). Fecal P was lower (P < 0.05) in the LOW diet during the d 15 to 20 period. Urinary P values were lower (P < 0.01) from d 0 to 5 compared to the d 15 to 20 period when the HIGH diet was fed. Digestibility of P did not differ for the d 0 to 5, d 5 to 10, and d 10 to 15 collection periods within the LOW diet. Apparent digestibility values did not differ between collection periods when the HIGH diet was fed. The digestibility of P between diets was greater (P < 0.01) for the d 0 to 5 and the d 5 to 10 period (P < 0.03) but did not differ significantly during the d 10 to 15 or the d 15 to 20 periods.
Microminerals. Copper intake was greater when the HIGH diet was fed compared to the LOW diet, and both had similar intakes within collection periods (Table 5) . Within the LOW diet, fecal Cu was similar from d 0 to 15 but lowest (P < 0.05) from d 15 to 20. Fecal Cu was greater when the HIGH diet was fed but similar between collection periods. Urinary Cu was similar between collection periods for both diets. Urinary Cu was always greater (P < 0.01) when the high diet was fed. Copper digestibility was lowest from d 0 to 5 and greatest (P < 0.01) from d 15 to 20 within the LOW diet. Copper digestibility was greater (P < 0.05) from d 0 to 5 and greatest from d 15 to 20 when the HIGH diet was fed.
Iron intake was similar within collection periods for both diets but greater (P < 0.01) when the HIGH diet was fed. Fecal Fe was consistently greater when the HIGH diet was fed but similar for each collection period. When the LOW diet was fed, fecal values were greater (P < 0.05) during the d 0 to 5 period and lower during the d 15 to 20 period. Urinary Fe increased nonsignificantly for both diets during each subsequent collection period for the first 3 collection periods for both diets. Digestibility of Fe was lower (P < 0.05) during the d 0 to 5 period and highest (P < 0.05) for the d 15 to 20 period when the LOW diet was fed. When the HIGH diet was fed, Fe digestibility was low (P < 0.05) during the d 10 to 15 period and higher (P < 0.05) during the d 15 to 20 period.
Manganese intake was greater (P < 0.01) when the HIGH diet was fed and similar within each collection period for both diets. Within the LOW diet, fe- cal Mn was lower (P < 0.05) during the d 15 to 20 period compared to the other 3 collection periods. Fecal Mn was greater (P < 0.01) when the HIGH diet was fed for each period. Urinary Mn was low for both diets and was consistent between collection periods. Urinary Mn values were not different between collection periods for the 2 diets, but values were greater (P < 0.05) when the HIGH diet was fed. Digestibility of Mn was lower when the HIGH diet was fed than when the LOW diet was fed. Digestibility of Mn was lower (P < 0.05) during the d 0 to 5, d 10 to 15, and d 15 to 20 periods than during the d 15 to 20 period (P < 0.01) when the LOW diet was fed. Zinc intake was greater (P < 0.01) when the HIGH diet was fed and similar within each collection period for both diets. Within the LOW diet, fecal Zn was variable and greater (P < 0.01) from d 0 to 5 and lowest (P < 0.01) from d 15 to 20. Within the HIGH diet, fecal Zn was not significantly different between collection periods. Urinary Zn varied somewhat but was not significant between collection periods for either diet. Zinc digestibility was negative from d 0 to 5 and greater (P < 0.05) during all other periods when the LOW diet was fed but significantly greatest in the d 15 to 20 period. When the HIGH diet was fed, digestibility of Zn was similar in the d 0 to 5 and d 5 to 10 periods, and the highest digestibility occurred during the final period (d 15 to 20).
DISCuSSION
The 2 primary purposes of this study were 1) to evaluate the time needed for growing swine to adjust to a treatment diet and 2) to determine the time necessary to obtain consistent excretion of feces and urine during 4 consecutive 5-d collection periods. The 2 treatment diets differed largely in Ca, P, and the essential microminerals concentrations.
After adaption to the metabolism crate, feeding the 2 treatment diets for a 5-d period seemed adequate for pigs to adjust to their treatment diet. Although the diets did not differ greatly in components from the pretest diet and the treatment diets were not semipurified or purified, the 5-d adaptation period was adequate for the type of diets fed in this experiment. There were no overlaps of mineral excretion values between diets, indicating that distinct differences between diets were attained.
After treatment diets were started, they continued for 4 consecutive 5-d periods. Although mineral excretions were greater when the HIGH diet was fed, they were generally consistent within each diet and between collection periods. The most inconsistent periods within diets were the initial d 0 to 5 and the d 15 to 20 periods.
Although the d 5 to 10 period was within a satisfactory range for the macrominerals and most microminerals, there was less variation during the following 2 collection periods within each diet. The most notable difference for the excretion of microminerals was in daily urine mineral contents. There were significant differences between diets for urinary minerals, except Mn, but the range between collection periods was within 10%. In many cases when the excretion and digestibility values were low in one period, the following period was a,b Different superscripts in the same column in the LOW diet differ (P < 0.05).
c-e Different superscripts in the same column in the HIGH diet differ (P < 0.05).
1 LOW = diet with reduced Ca and P levels and no added microminerals; HIGH = diet with elevated Ca and P levels and supplemental microminerals that exceeded the pig's requirements. often higher, implying some carryover from one period to the next. It would seem that a 10-d collection may give better results when microminerals are evaluated.
Although the LOW diet contained only the innate microminerals, the HIGH diet was composed of both the innate and supplemental inorganic microminerals. The excretion and digestibility values indicate that the innate microminerals should be considered in formulating diets.
The data also indicate that the innate microminerals have a greater digestibility than ascribed to them by NRC (1998, 2012) and should be more seriously considered when formulating the micromineral dietary requirements for swine. This result is consistent with the data of Jolliff and Mahan (2013) .
The results of Gowanlock et al. (2013) and Mahan et al. (2014) using weanling and grower-finisher pigs demonstrated that the animals grew as well when the diet was composed only of the innate microminerals (except Se). In the weanling pig study (Mahan et al., 2014 ) the addition of supplemental Se and Zn were necessary to meet the pig's requirement. These results indicate that the supplementation of microminerals might be in excess of the pigs' needs.
In conclusion, this experiment indicated that adjusting to a new diet was adequate after a 5-d collection period. Subsequently, a 5-d collection period was adequate for Ca and P, but a 10-d collection period might be better for the microminerals. These results indicated that the innate microminerals are more di- a-c Different superscripts in the same column in the LOW diet differ (P < 0.05).
d-f Different superscripts in the same column in the HIGH diet differ (P < 0.05).
1 LOW = diet with reduced Ca and P levels and no added microminerals; HIGH = diet with elevated Ca and P levels and supplemental microminerals that exceeded the pig's requirements.
